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Abstract: 
 
LTDS and VIBRATEC founded the Labcom LADAGE (gear dynamics joint laboratory) to develop 
numerical methods and simulation tools for predicting gear dynamics, in order to follow the evolution 
of industrial demand towards more and more complex systems. One of the goals is to take account of 
multiphysics couplings between internal and external excitations. Geared systems are the seat of 
vibrations induced by the meshing principle itself. For this reason, a gearbox is an important source 
of noise and vibration in automotive. The gearbox internal sources of excitation are various. For 
instance the whining noise arises from loaded shafts especially when the gears are not optimized in 
that sense, e.g. the gear reverse noise on a low-class car. The internal excitation that arises from the 
meshing is a parametric excitation and is transmitted to the gearbox housing via the shafts and 
bearings. 
The aim of this work is to present an efficient computational scheme which allows the calculation of 
the whining noise of complex geared systems. In this paper, the method is applied to a two-stages 
automotive gearbox. 
The global procedure is presented on Figure 1. First the parametric excitations, i.e. the transmission 
error and mesh stiffness, are characterized through the macro and micro-geometrical characteristics 
of the meshing gears. These values are one of the input data of the complete computational procedure.  
Then, the numerical scheme requires a finite element model of the complete gearbox in order to obtain 
its modal basis. To achieve that, the mean value of the mesh stiffness is taken, leading to mean modal 
characteristics. Indeed, the contact between the gears is modelled with a stiffness matrix linking the 
degrees of freedom of each pair of meshing gears. Then a powerful resolution algorithm in frequency 
domain is used to solve the dynamic equations with an iterative procedure. This original spectral 
iterative method can take into account more than one parametric excitation. In that case, there is a 
coupling between the excitations due to the stiffness fluctuations.  
The final outputs are the housing vibrations as functions of the frequency and of the motor rotation 
speed. The amplitude of the housing vibrations and the frequency position of the peaks characterize 
the whining noise severity. The process can be repeated for several applied torques and can be used to 
optimize the teeth geometry and the other gearbox components (for instance the geometry of the 
housing to minimize its vibration, stiffness of gear bearings…).  
Measurements have been performed on the physical system, showing that the computational scheme 
lead to satisfying results. Indeed the differences observed between the simulations and the 
measurements are totally acceptable for quantitative assessments. A noise contribution ranking can be 
done, order by order or excitation by excitation and the dynamic response order of magnitude is 
correct. 
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The computation scheme has been validated step by step by comparison with extensive and complex 
measurements on a modified but representative automotive gearbox. 
Four quantities have been measured: the static transmission error fluctuation, the dynamic 
transmission error (intermediate quantity that corresponds to the fluctuation of the transmission error 
due to the gearbox dynamic behavior), housing vibrations and whining noise. Accelerometers, 
microphones and optical encoders are used in this way. In this paper, the results are mainly focused 
on the housing vibration.  
The measurements were performed at RENAULT’s workshop in Lardy in France, on the BACY 
acyclism test bench. An electrical motor drives the gearbox, while a braking torque simulates the 
reaction of the wheel. The rotation speed and the torque are also measured. In order to compare 
properly the vibration measurements with the computations, an order tracking has also been done. 
The numerical procedure is globally validated and can be used to optimize the current studied 
gearbox. The computations will allow identifying the key parameters to minimize the whining noise for 
given functioning configurations. As the computation time is low enough to run an important number 
of dynamic calculations, parametric studies are easily achievable. The measurements made cannot 
take into account the variability of the results, but the simulation can. Extracted from teeth metrology, 
a dispersion study has been made to determine the envelope of the dynamic response. 
 
 
Figure 1: Overview of the computational scheme 
 
Keywords: Whining noise, gearbox, simulation 
 
References 
 
D. Remond, P. Velex, J. Sabot, et al., “ Comportement dynamique et acoustique des transmissions par 
engrenages”, Synthèse bibliographique. 1993. 
22
ème
Congrès Français de Mécanique Lyon, 24 au 28 Août 2015 
 
 
D. B. Welbourn, “Fundamental knowledge of gear noise: a survey”, Technical report, 1979. 
 
E. Rigaud, “Interactions dynamiques entre denture, lignes d’arbres, roulements et carter dans les 
transmissions par engrenages”, Thèse de doctorat de l'Ecole Centrale de Lyon N°1998-18”, 1998. 
 
E. Rigaud and D. Barday, “Modelling and analysis of static transmission error - effect of wheel body 
deformation and interactions between adjacent loaded teeth”, Arxiv preprint physics/0701043, 2007. 
J. Perret-Liaudet, “Etude des Mécanismes de Transfert entre l’Erreur de Transmission et la Réponse 
Dynamique des Boîtes de Vitesses Automobiles”, Thèse de doctorat de l'Ecole Centrale de Lyon 
N°9207,” 1992. 
 
J. Perret-Liaudet, “An original method for computing the response of a parametrically excitated forced 
system,” Journal of Sound and Vibration, vol. 196, pp. 165-177, 1996.  
 
A. Carbonelli, “Caractérisation vibro-acoustique d’un cascade de distribution poids lourd”, 
Thèse de doctorat de l'Ecole Centrale de Lyon N°2012-34”, 2008. 
 
 
